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Description 

This invention relates to methods of assigning work 
requests transmitted over a closed sequentially ac- 
cessed network comprising a plurality of nodes each s 
comprising a processon and to multiprocessor systems. 

Distributed multiprocessing systems frequently 
have the characteristic that any of a plurality of proces- 
sors may execute a particular task. The plurality of proc- 
essors is provided to handle a peak processing load. In 
order to handle this load efficiently, all processors must 
carry their share of the load which requires that no proc- 
essor be overloaded when another processor is not yet 
fully loaded. 

A common arrangement for exchanging messages 
among processors of a multiprocessor system is to con- 
nect each of these processors, via an interface, to a data 
ring. In the terminology common to data rings, the vari- 
ous processors connected to the ring are called "nodes" 
on the ring. In the discussion which follows, the terms 
"processors" and "nodes" are used Interchangeably. A 
processor interface, upon reception of messages from 
the data ring, directs any message having an address 
identifying its own processor to that processor, and tor- 
wards all other messages to the next processor inter- 
face on the ring. In addition, each processor interface is 
prepared to recognize messages originated by its asso- 
ciated processor, which when received from the ring by 
the interface indicate that a message has passed com- 
pletely around the ring without finding a recipient and 
should generally be deleted. 

When such rings are used, a problem arises in al- 
locating ones of a plurality of similar tasks to ones of the 
processors on the ring. Unless each processor that gen- 
erates work requests for the execution of a task main- 
tains an indication of the load currently being carried by 
each process server, i.e., work-receiving processor, and 
assigns tasks to each such processor on the basis of 
these load indications, load will, in general, not be dis- 
tributed to those processors most easily capable of han- 
dling that load. Such arrangements to inform each work- 
requesting processor of the status of each task execu- 
tion processor are inefficient. Another altemative Is to 
assign to one processor the task of allocating work to 
all processors. This arrangement presents problems of 
reliability, in case the one processor fails, and is also 
inefficient, requiring multiple messages to allocate a 
task. Further, the allocating processor may become a 
system bottleneck and limit system capacity A problem 
of the prior art therefore is that there are no efficient ar- 
rangements for allocating work to each of a plurality of 
processors while guaranteeing that rf any processor is 
able to accept this work request, that processor will be 
the one allocated to carry out the task. An additional 
problem is, in the case of failure of one or more of the 
process senders, the lack of an efficient mechanism for 
automatically assigning the tasks only to the remaining 
in-sen/ice process sen/ers. 



R. Alonso et al: Sharing Jobs Among Independently 
Owned Processors; Proceedings 8th International Con- 
ference on Distributed Computing Systems, 13 June 
1988, pages 282-288 discloses arrangements for dis- 
tributing work to different processors wherein a proces- 
sor is a candidate for its own internally generated work 
plus additional work if its load is below a first threshold, 
is removed from the list of processors eligible to accept 
additional external work if its load exceeds that first 
threshold, and accepts neither internal nor external work 
if its load is above a second higher threshold. 

According to one aspect of this invention there is 
provided a method as claimed in claim 1 , 

According to another aspect of this invention there 
is provided a multiprocessor system as claimed in claim 
17. 

In an illustrative embodiment of the invention each 
processor node on a ring is provided with the capability 
of accepting work request messages having one of a 
plurality of addresses stored by the processor node, and 
each such processor node is provided with the capability 
of adding and deleting addresses from that list. A proc- 
essor that generates a work request message prefixes 
such a message with an address. The first processor 
node on the ring that has that address in its list will ac- 
cept that message, carry out the work requested therein, 
and prevent the propagation of the work request mes- 
sage to subsequent processor nodes. 

In one embodiment of the invention, processor 
nodes delete addresses from their list when they have 
accumulated a threshold number of requests for work, 
and add that address back in their list when the number 
of accumulated requests goes below the threshold. Ad- 
vantageously, such an arrangement shields an over- 
loaded processor node from accepting additional work 
and allows another processor to accept the message 
and process the request. 

In one embodiment of the invention, each of a plu- 
rality of processor nodes acting as process servers at- 
tached to a data ring has an interface comprising a 
memory for storing addresses for work request messag- 
es which the processor is prepared to receive. For each 
received message, the processor stores the work re- 
quest in a queue and records the number of work re- 
quests accumulated in the queue. If this number ex- 
ceeds one threshold then the processor deletes an ad- 
dress (defined as the Low Priority address) from the in- 
terface memory so that only work requests having an 
address of higher priority will be accepted henceforth. 
Advantageously, such an arrangement shields a heavily 
loaded processor from accepting additional low priority 
work requests, while still permitting it to accept high pri- 
ority work requests. In one embodiment, the memory is 
a bit map. Advantageously, a bit map can store one bit 
of data for each of a large number of addresses within 
a limited size memory; these addresses would include 
a set of addresses and the interface may be initialized 
to respond to any subset of this set. In this embodiment, 



75 



20 



25 



30 



35 



40 



45 



SO 



2 



3 



EP 0 366 344 B1 



4 



a subset of these addresses corresponds to muttiple lev- 
els of priority for a given type of task, and interfaces are 
typically initialized to respond to a plurality of such sub- 
sets. 

In this enribodinnent, the processors which transnnit 
work request nnessages recognize when a request has 
not been accepted by any of the serving processors be- 
cause that work request message returns via the ring to 
the transmitting processor. The transmitting processor 
then tests whether the work request can be sent at a 
priority higher than the previous attempt, and if so, re- 
transmits the request. It the priority cannot be increased, 
then the transmitting processor arranges to retransmit 
the message after a delay. Subsequent retransmissions 
are delayed by longer intervals until a decision is made 
that the attempt to process the work request should be 
abandoned. 

In this embodiment, each process server Is a pro- 
gram-controlled processor containing in its memory a 
queue of work requests to be processed, an indication 
of the number of entries in the work queue for adjusting 
the list ot addresses in order to accept only high priority 
or all priority requests and, in an associated ring inter- 
face, the current one of the dynamically changing list of 
addresses which controls the priority level of request 
messages that will be accepted by that processor. Ad- 
vantageously the combination of the above-described 
priority addressing arrangement (which assures that all 
process servers are maximally utilized) and the re- 
scheduling algorithm (which covers a wide range of re- 
attempt times) provides a highly effective strategy for 
managing peaks of work request traffic over a wide 
range of peak severity and duration. 

Brief Description of the Dravtfinq 

FIG. 1 is a block diagram of a data ring and proces- 
sors attached to that data ring; 
FIG. 2 is the layout of a work request data message; 
FIG. 3 is a flow diagram of the actions performed 
by a processor when it requests work; 
FIGS. 4 and 7 are diagrams of actions performed 
by a processor for accepting work requests; 
FIG. 5 illustrates the virtual address space and a 
corresponding bit map for permitting the processors 
to select the work requests that they will accept; and 
FIG. 6 is a block diagram of the circuitry for inter- 
facing between one of these processors and the 
data ring. 

Detailed Description 

FIG. 1 is a block diagram of a data ring 1 showing 
a processor 3 for generating work requests and trans- 
mitting such requests to data ring 1 and three proces- 
sors 2 for accepting work requests from data ring 1. 
Each ot these processors has an associated ring inter- 
face 8 for transmitting data received from the ring to the 



processor, for transmitting data from the processor to 
the ring, and for transmitting data received from the ring 
to the next interface. The details of block 8 are shown 
in FIG. 6. 

In this example, each processor 3 generates only 
one type of work request, albeit a type of work request 
for which work request messages can be sent on differ- 
ent priority levels. Each priority level for that type of work 
request represents one class of work request. Further, 
each processor 2 accepts only one type of work request 
and has a list of destination addresses for different pri- 
orities of that type. When the processor is prepared to 
accept any priority of this task, all of these addresses 
are in the address list of the associated memory of in- 
terface 8 of that processor. When one or more priority 
levels are no longer accepted, then one or more of these 
addresses are removed from the list stored in the asso- 
ciative memory of interface 8. Each member of the list 
corresponds to one class of work request. 

Each of the processors comprises a central 
processing unit 6 controlled by a program 4. Processor 
3 also has a queue of delayed requests comprising re- 
quests which were not accepted initially by any of the 
processors 2 and are being delayed prior to retransmis- 
sion. Each of the processors 2 contains a work queue 

12 for storing requests to perform a task and an indica- 
tion 10 of the number of entries in that work queue. As 
the number of entries in the work queue changes, re- 
flecting a greater or lesser accepted future load, the 
processor adjusts the priority of work requests to be ac- 
cepted by adding or deleting addresses from the list of 
addresses of work requests to be accepted. That list is 
stored in interface 8 and Is used to steer work request 
packets to the associated processor or to send the wori^ 
request packets on to the next processor interface. The 
interface 8 associated with processor 3 serves to rec- 
ognize when a work request message has completely 
circled the ring without being accepted by any processor 
2. When this happens, processor 3 recognizes that the 
work request has not been accepted and, as discussed 
with respect to FIG. 3, thereupon retransmits the re- 
quest with a different address, specifically the one hav- 
ing the next higher priority than that of the previous re- 
quest. If the previous request had been at the highest 
priority, processor 3 queues that work request in queue 

1 3 for subsequent retransmission. 

FIG. 2 is a layout of a work request packet 20. This 
packet comprises a transmitting processor address 22 
used by ring interface 8 of processor 3 to recognize 
packets that have been transmitted over the entire ring 
without having been accepted by any of the processors 
2. The packet also includes a destination address 24 
used by any of the Interfaces 8 of the processors 2 to 
determine whether that packet is destined for its asso- 
ciated processor. Finally, the packet includes the details 
of the work request 26 which provide data so that a proc- 
essor 2 may execute the tasks requested by processor 
3. 
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FIG. 3 is a flow diagram of the processing per- 
formed by processor 3. Processor 3 first transmits a 
work request to the next processor on the ring (action 
block 1 26) using the lowest priority address for that class 
of packets. For any packet received in the interface of s 
processor 3 (action block 127), a check is made in the 
interface 6 of processor 3 whether the transmitter 
(source) address is the source address or identification 
of this processor (action block 1 28). If not. then the pack- 
et is transmitted to the next processor on the ring (action 
block 129). If the source address does match the proc- 
essor identification, i.e., if there Is a source match, then 
a test is made (decision block 1 30) whether the priority 
of the work request packet can be raised. Work request 
packets which have a naturally high priority may be 
transmitted with a higher priority than initially provided 
if, for example, such a task was not accepted in its initial 
attempts, and is to be re-attempted after a delay. If the 
priority can be raised, then the priority of the packet is 
increased by changing the destination address to reflect 
the next higher priority and the packet is retransmitted 
(action block 140). If the priority of the packet cannot be 
raised, i.e., it was already sent at the highest allowed 
priority for that request: then a check is made whether 
the packet has been transmitted four times (test 1 32) at 
the highest priority allowed for that packet. The highest 
allowed priority for a particular packet may be low prior- 
ity if the request is an inherently low priority work re- 
quest, for example, a request from a low priority client. 
If the packet has been sent four times at its highest al- 
lowed priority, the task is deleted (action block 136) 
since such a situation represents a massive overload in 
which tasks must be discarded because there are too 
many to process. If the packet has been transmitted few- 
er than four times at the highest priority for that packet, 
then the delay before the next transmission of that pack- 
et is a binary multiple of a basic delay so that the delays 
for retransmissions after the first are doubled from the 
previous delay (action block 133). Following that delay 
(action block 134), that packet is retransmitted (action 
block 135) at the highest priority for that packet so that 
delayed job will have priority over new jobs that have 
not been delayed. 

The actions of the process servers, or work request 
processing processors 2 are shown in FIG. 4. A packet 
is received in the interface 8 associated with a processor 
2 (action block 100). There, the destination address is 
matched (test 104) with the list of addresses for which 
this processor will accept the associated work request 
If there is no match, then the packet Is transmitted by 
the interface to the next interface in the ring (action block 
1 06). It there is a match, the packet is transmitted to the 
associated processor 2 and is placed in that processor's 
work request queue (action block 110). A test 112 is 
made to see whether the number of work requests ac- 
cepted in the work request queue now exceeds the limit 
or upper threshold for the presently lowest priority level. 
If so, then the address or lower threshold associated 



with that lowest priority level is deleted from the list of 
addresses for which wori< request packets are accepted 
(action block 114). After the packet has been accepted, 
processing of work requests continues in processor 2 
(action block 116). When the processing of a work re- 
quest has been completed (action block 118) a test is 
made of whether the number of work requests remain- 
ing in the queue is less than the limit or lower threshold 
associated with the presently lowest priority (test 120). 
If so, a new, lower priority request address is added to 
the list of addresses in the interface 8 of processor 2. 
Subsequently, the processing of work requests is con- 
tinued (action block 116). Each process server is initially 
assigned a list of destination addresses for which it will 
accept work requests, as shown in action block 90, FIG. 
7. Members of this list are deleted and reinserted in ac- 
cordance with the steps described above. 

More than one address may be assigned to a given 
type of task at one priority level. If this is done, each of 
two or more processors 3 may assign different address- 
es to the same type of task. Then processors 2 may add 
or delete individual addresses or all of the addresses for 
a specific type of task and priority as required to fine 
tune the balancing of the load. Alternatively and addi- 
tionally, different addresses may be assigned for long 
and short work requests of the same general task types, 
thus dividing one general task type into two subtypes, 
which are effectively treated as two different task types. 

Processors may serve more than one type of task. 
One way of distributing tasks to serving processors is to 
initialize each interface by assigning one or more differ- 
ent lists of addresses; each such list of addresses is as- 
sociated with a different task type, and would be admin- 
istered in essentially the same way discussed previous- 
ly for the single task. For example, short tasks might be 
accepted under moderate load conditions whereas 
lengthy ones would not, or tasks that free up memory 
would be accepted while ones that use up memory 
would not. 

FIG. 5 illustrates a bit map used by each processor 
to decide whether or not to accept a work request re- 
ceived from the ring. Work functions are divided into 
groups such as A, B, etc., each representing one type 
of task. Requests may be accepted for each group as 
appropriate: high priority, medium, and low priority; high 
and medium priority only; high priority only; or none. For 
each group of tasks and each priority, one address is 
reserved. Corresponding to each address, one bit of 
storage in a bit map 270 is dedicated. If the bit in the bit 
map is set to one, then the corresponding task and pri- 
ority may be accepted by the processor. If it is set to 
zero, then the corresponding task and priority will be re- 
jected. FIG, 5 shows a layout of virtual address space 
including addresses 251, 252, and 253 for function A, 
high priority, medium priority, and low priority, respec- 
tively, and addresses 254, 255. 256 for functions B, high 
priority, medium priority, and low priority, respectively. 
The bits corresponding to the A functions are 271 , 272, 
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and 273 and are illustrated in bit nnap 270 as being In 
the state 1, 1 , andO, respectively. This indicates that the 
associated processor will accept high and medium pri- 
ority requests for function group A, but will not accept 
tow priority requests. Similarly, bits 274, 275, and 276 s 
correspond to the B function, high priority, medium pri- 
ority, and low priority requests and are marked 1 , 0, 0, 
indicating that only B high priority tasks will be accepted. 

FIG. 6 is an expansion of the ring interface, block B 
of this exemplary embodiment. The interface is connect- 
ed to ring 1 at an input connected to an input store 201 
and at an output connected to a switch 225. The inter- 
face is connected to node processor 2 via the node proc- 
essor bus 9. The interface is controlled by ring interface 
control 210 which receives Token Present information 
from the Token Detect 217. Address Recognized infor- 
mation from the bit map 21 5. and various control signals 
from the node processor 2. The token detector 217 is 
connected to the input store 201 in order to recognize 
the presence of a token in that store. There is only one 
token in the ring, and the ring interface which has the 
token is the only one allowed to write onto the ring. The 
input store 201 holds the token while the write takes 
place, and then passes it on. Switch 221 under control 
of the ring interface control 210 connects either the input 
store 201 or the write store 229 to the input of the header 
store 223. The write store 229 holds a queue of mes- 
sages from the node processor to be written to the ring. 
The header store 223 stores each message while the 
ring interface control determines what to do with the 
message. Output switch 225 under control of the ring 
interface control directs messages stored in the header 
store to either the read store 227, to ring 1, to both, or 
to neither. The bit map 21 5, accessed via address reg- 
ister 231 , having a write input register 233 for changing 
the map and a read output register 235 for reading the 
map, is used to examine source and destination ad- 
dresses of messages in the header store to determine 
if the message either came from this ring node or is des- 
tined for this ring node. Switch 211 , under control of ring 
interface control 210, selects either the source address 
of the message, the destination address of the mes- 
sage, or an address selected by the node processor for 
being updated as the address to be inserted into ad- 
dress register 231 for accessing the bit map. 

Note that while the specific embodiment of this in- 
vention described herein is a token ring, this arrange- 
ment may be used in any network wherein the nodes of 
the network receive messages sequentially and wherein 
messages not accepted by any node are returned to the 
sender. Such networks are referred to as closed se- 
quentially accessed networks. An example of such a 
network is the dual bus network of the IEEE 802.6 Met- 
ropolitan Area Network Standard. 

The ring interface circuits implement an asynchro- 
nous ring with all storage elements and data interfaces 
passing information via handshake signals. When a 
node has data to transmit, it generates a Data-Present 



handshake signal. When a node is ready to accept pre- 
sented data, it generates a Data-Taken handshake sig- 
nal. The various stores shown in FIG. 6 provide the func- 
tions described in the above paragraph and also provide 
the elastic storage required to make asynchronous op- 
eration efficient. Each store receives information at a 
rate detenmined by the input handshake until full and 
transmits information at a rate determined by the output 
handshake until empty. Receiving and sending are 
asynchronous with respect to each other. 

Messages from the previous node 1 on the ring are 
received into the input store 201. If no writes are pend- 
ing, switch 221 will connect the input store to the header 
store 223. The ring interface control 210 will cause the 
header store to store the message until it can determine 
the disposition ot the message. To determine the dispo- 
sition of the message, interface control 210 will cause 
first the source and then the destination addresses of 
the message to be copied from the header store to the 
virtual address bit map address register If the bit in the 
bit map at the address specified by the source address 
of the message is set, the message came from this node 
and has traversed completely around the ring without 
being removed by any destination; it must be removed 
by the source and other appropriate action taken. If the 
bit in the bit map at the address specified by the desti- 
nation address of the message is set, then the message 
is addressed to this node and must be either taken from 
the ring or at least a copy taken depending upon the 
message type. The content of the two selected bits in 
the bit map and the message type from the type field of 
the message in the header store are analyzed by inter- 
face control 210 to determine the disposition. The dis- 
position specifies the setting of switch 225 which sends 
the message either to the next node on the ring or to the 
read store 227. Other possible switch settings can 
cause a broadcast message to be copied Into the read 
store at the same time it is transferred to the next node, 
or can cause the message to be eliminated. If the mes- 
sage is switched to the read store, the ring interface con- 
trol informs the node processor The node processor 
can then read the message from the read store. 

Alternatively the source address can be matched 
against an address wired into the ring interface 8, or sup- 
plied from wires to the backplane to which a given inter- 
face board is connected. When the node processor has 
a message to send on the ring, the message is trans- 
ferred into the write store. The node processor then in- 
forms the ring interface control that a message is ready 
to be sent. The token is a special message that circu- 
lates on the ring to give the node with possession of the 
token message permission to write messages. As soon 
as the token detector 217, which is monitoring messag- 
es passing through the input store, detects a token, the 
ring Interface control causes switch 221 to disconnect 
from the input store, holding the token in the input store, 
and connect to the write store. The message passes 
through the header store 223 where various validity 
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tests including a test of the source address are per- 
formed. If the message format is correct, the ring inter- 
face control allows It to pass through switch 225 to the 
next node. Once the message is transmitted, switch 221 
returns to the input store which allows the token and any ^ 
messages that have backed up behind the token to flow. 

When the node processor wishes to add or delete 
a message address to be recognized by the ring inter- 
face, the bit in the bit map at that address must be 
changed. The node processor has the ring interface ^o 
control halt message flow on the ring and connect the 
bit map address register to the node processor bus 9 
via switch 211. The bit in the map is changed and mes- 
sage flow is restarted. 

An alternative to the use of a bit map is the use of 
a content addressable memory for recognizing address- 
es, as described, for example in US-A-4,654,654. Such 
a content addressable memory would replace bit map 
21 5, and would be addressed via address register 231, 
written into via write register 233, and have a recognition 20 
signal read out via read register 235. 

Further details of ring interfaces have been exten- 
sively described in, for example, A. D. Fergeson et al., 
"The AT&T Interprocess Message Switch Architecture", 
Proceedings of the IEEE Intemational Communications 25 
Conference, June 1 988. 

An overall monitor for processor 2 contained as part 
of program 4 of that processor may be used to periodi- 
cally examine the status of all the work queue entry 
counters and make a global decision as to the level of 30 
priority of requests of each kind that may be accepted 
by the processor. 

While in this description, the processors have been 
divided into processor 3 for generating work requests 
and processors 2 for processing such work requests, in 35 
other applications, processors may do both and, specif- 
ically, may generate a work request as part of the proc- 
ess of executing another work request. The functions of 
processors 3 and 2 are not incompatible provided that 
any processor which generates work requests must be 40 
prepared to recognize work request packets which have 
traversed the ring without being picked up. 

It is to be understood that the above description is 
only of one preferred embodiment of the invention. Nu- 
merous other arrangements may be devised by one 45 
skilled in the art. 

Claims 

so 

1. A method of assigning work requests transmitted 
over a closed sequentially accessed network (1 , 8), 
comprising a plurality of nodes (2, 8), each node 
comprising a processor (2), each request being 
identified by a work request destination address ss 
(24) representing a class of work requests, wherein 
ones of said plurality of processors have been 
assigned at least one of said work request destina- 



tion addresses, comprising the step of: 

accepting work requests in any one of said 
processors i1 the load for said one processor is 
below a first threshold; and 
CHARACTERIZED BY 

assigning lists (215) of active work request des- 
tination addresses, one list to each of ones of 
said processors, each work request destination 
address representing a class of work requests 
wherein at least two of said processors include 
a first work request destination address in their 
lists; 

deleting (114), from said list of work request 
destination addresses, a member of a list of any 
of said ones of said processors when the load 
on said any processor exceeds a first threshold, 
and thereafter, reinserting (122) in said list of 
said any processor said member when the load 
on said any of said ones of said processors is 
less than a second threshold; 
in any of said ones of said processors, accept- 
ing (1 1 0) a work request for specifying a task to 
a processor receiving said work request 
received over said network and identified by 
said first work request destination address if 
said first work request destination address is 
included in said list of said any processor 
receiving said work request; 
executing (116, 118) said task specified by said 
work request if said work request is accepted; 
and 

transmitting (1 06) a work request received over 
said network and identified by said first work 
request destination address to a next node of 
said closed sequentially accessed network if 
said first work request destination address is 
not included in said list of said any processor 
receiving said work request. 

2. The method of claim 1 wherein said accepting step 
comprises the step of comparing said first work 
request destination address with members of said 
list of addresses of said any processor. 

3. The method of claim 1 wherein said any processor 
comprises a queue for storing work requests, and 
said deleting and reinserting further comprise the 
steps of: 

determining whether the load on said any 
processor exceeds said first threshold and deter- 
mining whether said load is less than said second 
threshold by ascertaining the length 0I said queue. 

4. The method of claim 1 wherein said closed sequen- 
tially accessed network comprises a data ring (1) 
and wherein said step of accepting a work request 
comprises the step of receiving said work request 
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from said data ring. 

5. The method of claim 1 further comprising the steps 
of: comparing a source address of a work request 
received from said ring with identification of a proc- s 
essor that receives said woric request; and 

if said comparison yields a match, transmit- 
ting said work request to a next processor on said 
closed network after a prespecified delay. 

10 

6. The method of claim 5 further comprising the step 
of increasing said prespecified delay for a subse- 
quent retransmission of said work request. 

7. The method of claim 1 wherein members of a type '5 
of work request are transmitted at different priori- 
ties, each priority being associated with a different 
work request destination address, and wherein said 
accepting step comprises the step of accepting a 
work request of a given type and a given priority if 20 
the address of that type and priority is Included in 

the list. 

8. The method of claim 1 wherein different ones of said 
plurality of processors transmitting work requests of 2S 
the same class identify these work requests with dif- 
ferent work request destination addresses, further 
comprising the step of transmitting a work request 

of a first class from a first processor said work 
request identified by the work request destination 30 
address associated with said first class and said 
first processor. 

9. The method of claim 1 wherein a type of work 
request comprises a plurality of priorities, and 3S 
wherein each of said priorities of said type of work 
request is identified by a different work request des- 
tination address, wherein said assigning step com- 
prises the step of assigning lists of addresses, one 

list to each of ones of said processors, each list rep- ^0 
resenting a plurality of priorities of types of work 
requests. 

10. The method of claim 1 further comprising the step 

of: 45 

in any of said ones of said processors, trans- 
mitting, to a next processor on said closed net- 
work, a work request received over said closed 
network and identified by a first work request so 
destination address if said first work request 
destination address is not included in said list 
of said any processor. 

1 1 . The method of claim 1 , wherein said assigning step 55 
comprises the step of: 

assigning a work request destination address 



12 

for each class of work request to each of at least 
two processors, further comprising the step of 
transmitting said work request to a next proc- 
essor if said first work request destination 
address Is not included in said list of said any 
processor; 

whereby at least one processor of said closed 
sequentially accessed network is available for 
processing each class of work request even if 
one processor becomes unavailable for serving 
work requests. 

12. The method of claim 1: 

wherein said accepting step comprises the step 
of comparing said first work request destination 
address with members of said list of addresses 
of said any processor; 

wherein said assigning step comprises the step 
of initializing a bit map, each of whose bits has 
one state for the assigned status and another 
state for the unassigned status, for addresses 
assignable to said any processor, and said 
deleting and reinserting steps each comprise 
changing the state of a bit assigned to said 
member to the unassigned and assigned sta- 
tus, respectively. 

13. The method of claim 1 : 

wherein said accepting step comprises the step 
of comparing said first work request destination 
address with members of said list of addresses 
of said any processor; 

wherein said assigning step comprises the step 
of initializing said list of addresses assigned to 
said any processor In a content addressable 
memory, and said deleting and reinserting 
steps each comprise deleting and reinserting, 
respectively, said member. 

14. The method of claim 1 : 

wherein a type of work request comprises a plu- 
rality of priorities, and wherein each of said pri- 
orities of said type of work request is identified 
by a different work request destination address, 
further comprising the steps of: 
comparing a source address of a work request 
received from said closed network with an iden- 
tification of a processor that receives said work 
request; and 

if said comparison yields a match, increasing 
the priority of said received work request and 
transmitting said work request to a next proc- 
essor on said closed network. 

15. The method of claim 14 wherein each of said plu- 
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rality ot priorities of said type of work request is iden- 
tified by a different worl< request destination 
address, wherein said step of increasing priority 
connprises the step of changing a work request des- 
tination address of said received work request to a s 
work request destination address for a higher prior- 
ity of the sanne type of work requests. 

IB. The method of claim 1 wherein transmitting over 
said closed sequentially accessed network consists to 
essentially of transmitting over an interconnected 
data ring; 



17. A multiprocessor system comprising an interproc- 
essor communication network (1) and a plurality of 
nodes (2, 8) each node comprising a program con- 
trolled processor (2), said system comprising: 

interface means (6) in each node, for intercon- 



necting said network and the processor of said 
each node, tor accepting work from another 
processor in one of said processors if a load of 
said processor is below a first threshold; 
CHARACTERIZED IN THAT said network com- 
prises a data ring (1) interconnecting said plu- 
rality of nodes; 

said interface means (8) is for interconnecting 
each of said plurality ot nodes to said data ring 
and for detecting work request messages on 
said data ring, said interface means further 
comprising: means for detecting work request 
messages (210, 215, 223), each message 
comprising one of a plurality of work request 
destination addresses (22), for work requests 
accepted by the connected processor, means 
for accepting such-work request messages;, 
means for inhibiting further transmission to 
other interface means of accepted work 
request messages (225); and means for trans-, 
mitting rejected work request messages to a 
next interface means (225); wherein a plurality 
of said interface means accepts ones of said 
work request destination addresses; 
each of said interface means is operative under 
program control (210), and responsive to indi- 
cations of a load of work requests accepted by 
the connected processor, for deleting or adding 
(9) ones of said work request destination 
addresses (8) from said means for detecting 
(215) if a load goes above a first threshold or 
below a second threshold, respectively; 
wherein a plurality of work request destination 
addresses is assigned to a type of work 
request, ones ot said plurality of work request 
destination addresses corresponding to differ- 
ent priorities, and wherein at least one of said 
nodes further comprises: 
means for detecting (128) a match between a 
source address of a work request message and 
an identification of a processor of said at least 
one node; and 

means, responsive to said means for detecting, 
for retransmitting (130, 140) said message with 
a work request destination address corre- 
sponding to a higher priority for a type of work 
request of said work request message. 



Patentanspruche 

1. Vertahren 2um Zuweisen von Arbeitsanforderun- 
gen, die uber ein geschlossenes Netz (1 , 8), auf das 
sequentiell zugegriffen wird, ubertragen werden, 
mit einer Mehrzahl von Knoten (2, 8), die jeweils 
einen Prozessor (2) umf assen, wobei jede Anforde- 
rung durch eine Arbeitsanforderungszieladresse 
(24) gekennzeichnet wird, die eine Klasse von 



wherein the step of assigning lists comprises 
initializing a bit map, each of whose bits has one ts 
state for an assigned status and another state 
for an unassigned status, tor work request des- 
tination addresses assignable to said any proc- 
ess, and wherein said deleting and reinserting 
steps each comprise changing a bit of said map 20 
assigned to said member to the unassigned 
and assigned status, respectively; 
wherein said any processor comprises a queue 
for storing work requests, and wherein said 
deleting and reinserting steps each comprise 25 
determining whether the load on said any proc- 
essor exceeds a first threshold, and determin- 
ing whether said load is less than a second 
threshold, respectively, by ascertaining the 
length of said queue; 30 
further comprising the steps of: 
comparing a source address of a work request 
received from said closed network with an iden- 
tification of a processor that receives said work 
request; 3S 
if said comparison of a source address yields a 
match, increasing a priority ot said received 
work request and transmitting said received 
work request to a next processor on said closed 
network wherein said increasing priority com- ^0 
prises changing a work request destination 
address of said received work request to a work 
5 request destination address tor a higher pri- 
ority of the same type of work request; 
if said comparison of a source address yields a 
match, and said priority of said work request 
cannot be increased, transmitting said work 
request to a next processor on said closed net- 
work after a prespecified delay; and 
increasing said prespecified delay for a subse- 50 
quent retransmission of said work request. 
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Arbeitsanforderungen darstellt, wobei jeweiligen 
der besagten Mehrzahl von Prozessoren minde- 
stens eine der besagten Arbsitsantorderungsziel- 
adressen zugewiesen worden ist, mit folgendem 
Schritt: s 



2. Verfahren nach Anspruch 1, wobei der besagte 
Annahmeschritt den Schrttt des Vergleichens der 
besagten ersten Arbeitsanforderungszieladresse 
mit l\/Iitgliedern der besagten Liste von Adressen 
des besagten belieblgen Prozessors unnfaRt. 



Annehmen der Arbeitsanforderungen in einem 
beliebigen der besagten Prozessoren, wenn 
die Belastung des besagten einen Prozessors 
unter einenn ersten Schwellwert liegt; und 
gekennzeichnet durch folgende Sclirrtte: 
Zuweisen von Listen (215) von aktiven Arbeits- 
anforderungszieladressen, eine Liste fur jeden 
von jeweiligen der besagten Prozessoren. 
wobei jede Arbeitsanforderungszieladresse 
eine Klasse von Arbeitsanforderungen dar- 
stellt, wobei mindestens zwei der besagten 
Prozessoren eine erste Arbeitsanforderungs- 
zieladresse in ihren Listen enthatten; 
Loschen (114), aus der besagten Liste von 
Arbeitsanforderungszieladressen, eines Mit- 
gliedes einer Liste eines beliebigen der besag- 
ten jeweiligen der besagten Prozessoren. 
wenn die Belastung des besagten beliebigen 
Prozessors einen ersten Schwellwert uber- 
schreitet, und danach Wiedereinfugen (122), in 
die besagte Liste von besagtem beliebigen 
Prozessor, des besagten Mitgliedes, wenn die 
Belastung des besagten beliebigen der besag- 
ten jeweiligen der besagten Prozessoren unter 
einem zweiten Schwellwert liegt; 
in einem beliebigen der besagten jeweiligen 
der besagten Prozessoren, Annehmen (110) 
einer Arbeitsanforderung zur Angabe einer 
Aufgabe fur einen Prozessor, der die besagte 
Arbeitsanforderung, die uber das besagte Netz 
empfangen und durch die besagle erste 
Arbeitsanforderungszieladresse gekennzeich- 
net worden ist, empfangt, wenn die besagte 
erste Arbeitsanforderungszieladresse in der 
besagten Liste des besagten beliebigen Pro- 
zessors, der die besagte Arbeitsanforderung 
empfangt, enthalten ist; 
Ausfuhren (116, 118) der besagten durch die 
besagte Arbeitsanforderung angegebenen 
Aulgabe, wenn die besagte Arbeitsanforde- 
rung angenommen wird; und 
Ubertragen (1 06) einer Arbeitsanforderung, die 
Qber das besagte Netz empfangen und durch 
die besagte erste Arbeitsanforderungsziel- 
adresse gekennzeichnet worden ist, zu einem 
nachsten Knoten des besagten geschlossenen 
Netzes, auf das sequentiell zugegriffen wird, 
wenn die besagte erste Arbeitsanforderungs- 
zieladresse nicht in der besagten Liste des 
besagten beliebigen Prozessors. der die 
besagte Arbeitsanforderung empfangt, enthal- 
ten ist. 



3. Verfahren nach Anspruch 1, wobei der besagte 
beiiebige Prozessor eine Warteschlange zum Spei- 
chem von Arbeitsanforderungen umfa3t und 

10 besagtes Loschen und Wiedereinfugen weiterhin 

folgende Schritte umfassen: 

Bestimmen. ob die Belastung des besagten 

beliebigen Prozessors den besagten ersten 

Schwellwert uberschreitet und Bestimmen, ob die 
IS besagte Belastung unter dem besagten zweiten 

Schwellwert liegl, durch Feststellen der Lange der 

besagten Warteschlange. 

4. Verfahren nach Anspruch 1, wobei das besagte 
20 geschlossene Netz, auf das sequentiell zugegriffen 

wird. einen Datenring (1) umfaBt und wobei der 
besagte Schritt des Annehmens einer Arbeitsanfor- 
derung den Schritt des Empfangens der besagten 
Arbeitsanforderung vom besagten Datenring 
25 umfaBt. 

5. Verfahren nach Anspruch 1, weiterhin mit folgen- 
den Schritten: 

30 Vergleichen einer Ursprungsadresse einer vom 

besagten Ring empfangenen Arbeitsanforde- 
rung mit einer Kennzeichnung eines Prozes- 
sors. der die besagte Arbeitsanforderung emp- 
fangt; und 

55 wenn der besagte Vergleich eine Paarigkeit 

ergibt, Ubertragen der besagten Arbeitsanfor- 
derung zu einem nachsten Prozessor am 
besagten geschlossenen Netz nach einer vor- 
gegebenen Verzogerung. 

40 

6. Verfahren nach Anspruch 5, weiterhin mit dem 
Schritt des Verlangems der besagten vorgegebe- 
nen Verzogerung fOr eine nachfolgende Wieder- 
Obertragung der besagten Arbeitsanforderung. 

45 

7. Verfahren nach Anspruch 1 , wobei Mitglieder einer 
Art von Arbeitsanfordemng mit unterschiedlichen 
Prioritaten Qbertragen werden, wobei jede Prioritat 
mit einer anderen Arbeitsanforderungszieladresse 

so verbunden ist, und wobei der besagte Annahme- 
schritt den Schritt des Annehmens einer Arbeitsan- 
forderung einer gegebenen Art und einer gegebe- 
nen Prioritat umfaBt. wenn die Adresse dieser Art 
und Prioritat in der Liste enthalten ist. 

55 

8. Verfahren nach Anspruch 1 , wobei unterschiediiche 
der besagten Mehrzahl von Prozessoren, die 
Arbeitsanforderungen derselben Klasse Obertra- 
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gen, diese Arbertsanforderungen mil unterschiedli- 
Chen Arbeitsanforderungszieladressen kennzeich- 
nen, weiterhin mil dem Schritt des Obertragens 
einer Arbeitsantorderung einer ersten Klasse von 
einem ersten Prozessor, wobei die besagle Arbeits- 
antorderung durch die mil der besagten ersten 
Klasse und denn besagten ersten Prozessor ver- 
bundene Arbeitsanforderungszieladresse gekenn- 
zeichnet ist. 

9. Verlahren nach Anspruch 1, wobei eine Art von 
Arbeitsantorderung eine Mehrzahl von Prioritaten 
umfa3t und wobei jede der besagten Prioritaten der 
besagten Art von Arbeitsantorderung durch eine 
andere Arbeitsanforderungszieladresse gekenn- 
zeichnet ist, wobei der besagte Zuweisungsschritt 
den Schritt des Zuweisens von Listen von Adressen 
umfaBt, eine Liste fur jeden von jeweiligen der 
besagten Prozessoren, wobet jede Liste eine Mehr- 
zahl von Prioritaten von Arten von Arbeitsanforde- 
rungen darstellt. 

10. Verfahren nach Anspruch 1, weiterhin mit folgen- 
dem Schritt: 

bei einem beliebigen der besagten jeweiligen 
der besagten Prozessoren Ubertragen, zu einem 
nachsten Prozessor am besagten geschlossenen 
Netz, einer Arbeitsantorderung, die Ober das 
besagte geschlossene Netz empfangen und durch 
eine erste Arbeitsanforderungszieladresse 
gekennzeichnet worden ist, wenn die besagte erste 
Arbeitsanforderungszieladresse nicht in der besag- 
ten Liste des besagten beliebigen Prozessors ent- 
halten ist. 

11. Verfahren nach Anspruch 1. wobei der besagte 
Zuweisungsschritt den folgenden Schritt umtaBt: 

Zuweisen einer Arbeitsanforderungsziel- 
adresse fur jede Klasse von Arbeitsantorde- 
rung zu jedem von mindestens zwei Prozesso- 
ren, weiterhin mit dem Schritt des Obertragens 
der besagten Arbeitsantorderung zu einem 
nachsten Prozessor, wenn die besagte erste 
Arbeitsanforderungszieladresse nicht in der 
besagten Liste des besagten beliebigen Pro- 
zessors enthalten ist; 

wodurch mindestens ein Prozessor des besag- 
ten geschlossenen Nelzes, aut das sequentiell 
zugegriffen wird, zum Bearbeiten jeder Klasse 
von Arbeitsantorderung zur Verfugung steht, 
selbst wenn ein Prozessor nicht mehr zur 
Bedienung von Arbeitsanforderungen vertOg- 
bar ist. 

12. Verfahren nach Anspruch 1, wobei der besagte 
Annahmeschritt den Schritt des Vergleichens der 
besagten ersten Arbeitsantorderungszieladresse 



mit Mitgliedern der besagten Lfste von Adressen 
des besagten beliebigen Prozessors umfafit; 

wobei der besagte Zuweisungsschritt den 
Schritt des tnitialisierens einer Bitmap umta3t, bei 

s der ]edes ihrer Bits einen Zustand tOr den zugewie- 
senen Status und einen anderen Zustand tOr den 
nichtzugewiesenen Status autweist, fur Adressen, 
die dem besagten beliebigen Prozessor zuweisbar 
sind. und wobei die besagten Losch- und Wieder- 

70 eintugungsschritte jeweils das Andem des Zustan- 
des eines dem besagten Mitglied zugewiesenen 
Bits in den nichtzugewiesenen bzw. zugewiesenen 
Status umtassen. 

13. Vertahren nach Anspruch 1, wobei der besagte 
Annahmeschritt den Schritt des Vergleichens der 
besagten ersten Arbeitsanforderungszieladresse 
mit i\/litgliBdern der besagten Liste von Adressen 
des besagten beliebigen Prozessors umfaOt, 

20 wobei der besagte Zuweisungsschritt den 

Schritt des Initialisierens der besagten Liste von 
Adressen, die dem besagten beliebigen Prozessor 
zugewiesen ist, in einem inhaltsadressierbaren 
Speicher umta3t. und die besagten Losch- und 

25 WiedereinfOgungsschritte jeweils das Loschen 
bzw. Wiedereinfugen des besagten Mitgliedes 
umtassen. 

14. Vertahren nach Anspruch 1, wobei eine Art von 
30 Arbeitsantorderung eine f^ehrzahl von Prioritaten 

umtaDt und wobei jede der besagten Prioritaten der 
besagten Art von Arbeitsantorderung durch eine 
andere Arbeitsanforderungszieladresse gekenn- 
zeichnet ist, weiterhin mit tolgenden Schritten: 

3S 

Vergleichen einer Ursprungsadresse einer vom 
besagten geschlossenen Netz emptangenen 
Arbeitsantorderung mit einer Kennzeichnung 
eines Prozessors, der die besagte Arbeitsan- 

40 forderung empfangt; und 

wenn der besagte Vergleich eine Paarigkeit 
ergibt, Erhohen der Priorrtat der besagten emp- 
tangenen Arbeitsantorderung und Ubertragen 
der besagten Arbeitsantorderung zu einem 

45 nachsten Prozessor am besagten geschlosse- 

nen Netz. 

15. Verfahren nach Anspruch 14, wobei jede der 
besagten Mehrzahl von Prioritaten der besagten Art 

50 von Arbeitsantorderung durch eine andere Arbeits- 
anforderungszieladresse gekennzeichnet ist, 
wobei der besagte Schritt des Erhohens von Prio- 
ritat den Schritt des Anderns einer Arbeitsanforde- 
rungszieladresse der besagten emptangenen 

55 Arbeitsantorderung in eine Arbeitsanforderungs- 
zieladresse fOr eine hohere Prioritat derselben Art 
von Arbeitsanforderungen umtalit. 
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Verfahren nach Anspruch 1 , wobei das UberttBgen 17. Multiprozessorsystem mit einem Prozessor-Pro- 

uber das besagte geschlossene Nelz, aut das zessor-Kommunikationsnetz (1) und einer Mehr- 

sequentiell zugegriffen wird, im wesentiichen aus zahl von Knoten (2, 8), wobei jeder Knoten einen 

dem Ubertragen Ober einen zusammengeschalte- progrannmgesteuerten Prozessor (2) umlaBt, mit 

ten Datenring bestehl; s folgendem: 



wobei der Schritt des Zuweisens von Listen das 
tnitialtsieren einer Bitmap umfar3t, bei der jedes 
ihrer Bit einen Zustand fur einen zugewiesenen 
Status und einen anderen Zustand fur einen 70 
nichtzugewiesenen Status aufweist, fOr 
Arbeitsanforderungszieiadressen, die dem 
besagten beliebigen ProzeB zuweisbar sind, 
und wobei die besagten Losch- und Wiederein- 
fugungsschritte jeweils das Andem eines Bits '5 
der besagten Bitmap, das dem besagten Mit- 
glied zugewiesen ist, in den nicht zugewiese- 
nen bzw, zugewiesenen Status umlassen; 
wobei der besagte belieblge Prozessor eine 
Warteschlange zum Speichern von Arbeitsan- 20 
torderungen umfaBt, und wobei die besagten 
Losch- und WiedereinfQgungsschritte jeweils 
folgendes umfassen: Bestimmen, ob die Bela- 
stung des besagten beliebigen Prozessors 
einen ersten Schwellwert ubersclireilet bzw. 25 
Bestimmen, ob die besagte Belastung unter 
einem zweiten Schwellwert liegt, durch Fest- 
stellen der Lange der besagten Warte- 
schlange; 

weiterhin mit folgenden Schritten: 30 
Vergleichen einer Ursprungsadresse einer vom 
besagten geschlossenen Netz empfangenen 
Arbeitsanforderung mit einer Kennzeichnung 
eines Prozessors, der die besagte Arbeitsan- 
forderung empfangt; 3S 
wenn der besagte Verglelch einer Ursprungs- 
adresse eine Paarigl<eit ergibt, Erhohen einer 
Prioritat der besagten empfangenen Arbeitsan- 
forderung und Obertragen der besagten emp- 
fangenen Arbeitsanforderung zu einem nach- ^0 
sten Prozessor am besagten geschlossenen 
Netz, wobei das besagte Erhohen von Prioritat 
das Andern einer Arbeitsanforderungsziel- 
adresse der besagten empfangenen Arbeits- 
anforderung in eine Arbeitsanforderungsziel- ^ 
adresse fur eine hohere Prioritat derselben Art 
von Arbeitsanforderung umfafBt; 
wenn der besagte Vergleich einer Ursprungs* 
adresse eine Paarigkeil ergibt und die besagte 
Prioritat der besagten Arbeitsanforderung nicht 
erhoht werden kann, Ubertragen der besagten 
Arbeitsanforderung zu einem nachsten Pro- 
zessor am besagten geschlossenen Netz nach 
einer vorgegebenen Verzogerung; und 
Verlangem der besagten vorgegebenen Verzo- ^ 
gerung fur eine nachfolgende Wiederubertra- 
gung der besagten Arbeitsanforderung. 



einem Schnitlstellenmittel einem (8) in jedem 
Knoten zum Zusammenschalten des besagten 
Netzes mit dem Prozessor des besagten jewei- 
ligen Knotens zur Annahme von Arbeit von 
einem anderen Prozessor in einem der besag- 
ten Prozessoren, wenn eine Belastung des 
besagten Prozessors unter einem ersten 
Schwellwert liegt; 

dadurch gekennzetchnet. daB das besagte 
Netz einen die besagte (\/!ehrzahl von Knoten 
zusammenschattenden Datenring (1 ) umfaBt; 
das besagte Schnrttstellenmittel (8) zum 
Zusammenschalten jedes der besagten Mehr- 
zahl von Knoten mit dem besagten Datenring 
und zum Erkennen von Arbeitsanforderungs- 
nachrichten auf dem besagten Datenring 
bestimmt ist, wobei das besagte Schnittstellen- 
mittel weiterhin folgendes umfaBt: Mittel zum 
Erkennen von Arbeitsanforderungsnachrichten 
(210, 215, 223), wobei jede Nachricht eine von 
einer I\4ehrzahl von Arbeitsanforderungsziel- 
adressen (22) fur vom angeschlossenen Pro- 
zessor angenommene Arbeitsanforderungen 
umfaBt; f^ittel zum Annehmen dieser Arbeits- 
anforderungsnachrichten; Mittel zum Sperren 
weiterer Ubertragung zu anderen Schnittstel- 
tenmitteln von angenommenen Arbeitsanfor- 
derungsnachrichten (225); und Mittel zum 
Ubertragen abgewiesener Arbeitsanforde- 
rungsnachrichten zu einem nachsten Schnrtt- 
stellenmittel (225); wobei eine Mehrzahl der 
besagten Schnittstellenmittel jeweilige der 
besagten . Arbeitsanforderungszieladressen 
annimmt; 

jedes der besagten Schnrttstellenmittel unter 
Programmsteuerung (210) betreibbar ist und 
auf Anzeigen einer Last von vom angeschlos- 
senen Prozessor angenommenen Arbeitsan- 
forderungen reagiert, um jeweilige der besag- 
ten Arbertsanforderungszieladressen (8) aus 
dem besagten Mittel zum Erkennen (215) zu 
loschen oder hinzuzuf Qgen (9), wenn eine Last 
einen ersten Schwellwert uberschreitet bzw. 
einen zweiten Schwellwert unterschreitet; 
wobei eine Mehrzahl von Arbeitsantorderungs- 
zieladressen einer Art von Arbeitsanforderung 
zugewiesen ist. wobei jeweilige der besagten 
Mehrzahl von Arbeitsanforderungszieladres- 
sen unterschledlichen Prioritaten entsprechen 
und wobei mindestens einer der besagten Kno- 
ten weiterhin folgendes umfaBt: 
Ein Mittel zum Erkennen (128) einer Paarigkeit 
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de travail; 

rex6cution (116. 118) de laditet&che sp6cifi6e 
par ladite demande de travail si ladrte demande 
de travail est accept^e; et 

s la transmission (106) d'une demande de travail 

refue sur ledit r6seau et identrft6e par ladite 
premifere adresse de destination de demande 
de travail k un noeud suivant dudit reseau 
ferme a accds sequentiel si ladite premiere 

'0 adresse de destination de demande de travail 

n'est pas incluse dans ladite liste dudit proces- 
seur quelconque recevant ladite demande de 
travail. 

2. Precede selon la revendication 1 , dans lequel ladite 
etape d'acceptation comprend I'etape de comparai- 
son de ladrte premiere adresse de destination de 
demande de travail avec des membres de ladite 
liste d'adresses dudit processeur quelconque. 

20 

3. Precede selon la revendication 1, dans lequel ledit 
processeur quelconque comprend una file d'attente 
pour stocker les demandes de travail, et lesdites 
suppression et reinsertion comprennent en outre 

2S les etapes de: 

determination si la charge dudit processeur 
quelconque d6passe ledit premier seuil et determi- 
nation si ladite charge est inf^rieur audit deuxidme 
seuil en evaluant la longueur de ladite file d'attente. 

30 

4. Precede selon la revendication 1, dans lequel ledit 
reseau ferm6 k acces sequentiel comprend un 
anneau de donn^es (1) et dans lequel ladite 6\ape 
d'acceptation d'une demande de travail comprend 

35 I'etape de reception de ladite demande de travail k 
partir dudit anneau de donnees. 



zwischen einer Ursprungsadresse einer 
Arbeitsanforderungsnachricht und einer Kenn- 
zeichnung eines Prozessors des besagten 
mindestens einen Knotens; und 
auf besagtes Mittel zum Erkennen reagierende 
Mittel zum WiederObertragen (130, 140) der 
besagten Nachrichl mil einer Arbeitsanforde- 
rungszieladresse entsprechend einer hoheren 
Prioritat fur eine Art von Arbeitsanforderung der 
besagten Arbeitsanforderungsnachricht. 

Revendications 

1 . Procede d'affectation de demandes de travail trans- 
mises sur un reseau term6 a acces sequentiel (1, 
8), comprenant une plurality de noeuds (2, 8). cha- 
que noeud comprenant un processeur (2), chaque 
demande 6tant identifiee par une adresse de des- 
tination de demande de travail (24) representant 
une classe de demandes de travail, dans lequel au 
moins une desdites adresses de destination de 
demande de travail a 6t6 affectde k des proces- 
seurs de ladite pluralite de processeurs, compre- 
nant I'etape: 

d'acceptation des demandes de travail dans 
I'un quelconque desdits processeurs si la 
charge dudit processeur est inf 6rieure a un pre- 
mier seuil; et 
CARACTERISE PAR 

I'affectation de listes (215) d'adresses de des- 
tination de demandes de travail actives, k rai- 
son d'une tiste pour chacun desdits proces- 
seurs, chaque adresse de destination de 
demande de travail representant une classe de 
demandes de travail, dans lequel au moins 
deux desdits processeurs comportent une pre- 
miere adresse de destination de dennande de 
travail dans leurs listes; 
la suppression (114), dans ladite lisle d'adres- 
ses de destination de demandes de travail, d'un 
membre d'une liste de I'un quelconque desdits 
processeurs quand la charge dudit processeur 
ddpasse un premier seuil, et apres cela, la rein- 
sertion (122) dans ladite liste dudit processeur 
quelconque dudit membre quand la charge 
dudit processeur quelconque desdits proces- 
seurs est inf^rieure k un deuxieme seuil; 
dans I'un quelconque desdits processeurs, 
I'acceptation (110) d'une demande de travail 
pour specifier une tSche k un processeur rece- 
vant ladite demande de travail re9ue sur ledit 
reseau et identifiee par ladite premiere adresse 
de destination de demande de travail si ladite 
premiere adresse de destination de demande 
de travail est Incluse dans ladite liste dudit pro- 
cesseur quelconque recevant ladite demande 



S. Proc6d6 selon la revendication 1, comprenant en 
outre les etapes de: 

40 

comparaison d'une adresse source d'une 
demande de travail re^ue k partir dudit anneau 
avec une identification d'un processeur qui 
revolt ladhe demande de travail; et 
^5 si ladite comparaison produit une correspon- 

dance, transmission de ladite demande de tra- 
vail k un processeur suivant sur ledit reseau 
ferme apr6s un retard prespecifie. 

so 6. Procede selon la revendication 5, comprenant en 
outre retape d'augmentatton dudit retard prespeci- 
fie pour une retransmission uKeneure de ladite 
demande de travail. 

55 7. Precede selon ta revendication 1, dans lequel des 
membres d'un type de demande de travail sont 
transmis avec des priorites differentes, chaque 
priorite etant associee k une adresse de destination 
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de demande de travail drfferente. et dans lequel 
ladite etape d'acceptation comprend Pdtape 
d'acceptation d'une demande de travail d'un type 
donne et d'une priority donnee si I'adresse de ce 
type et de cette priorite est incluse dans ta Itste. 

8. Proc6d6 selon la revendication 1 , dans lequel des 
processeurs diff^rents de ladite pluralite de proces- 
seurs transnnettant des demandes de travail de la 
meme classe identlfient ces denaandes de travail 
aux adresses de destination de demande de travail 
diff6rentes, comprenant en outre I'^tape de trans- 
mission d'une demande de travail d'un premiere 
classe k partir d'un premier processeun ladite 
demande de travail etant identifiee par I'adresse de 
destination de demande de travail associee a ladite 
premiere classe et audit premier processeur. 

9. Precede selon ta revendication 1, dans lequel un 
type de demande de travail comprend une pluralite 
de priorltes, et dans lequel chacune desdites prio- 
rit6s dudit type de demande de travail est identifi6e 
par une adresse de destination de demande de tra- 
vail differente, dans lequel ladite operation d'affec- 
tation comprend r§tape d'affectation de listes 
d'adresses, h raison d'une tiste pour chacun desdits 
processeurs, chaque liste repr6sentant une plura- 
lite de priorites des types de demandes de travail. 

1 0. Precede selon la revendication 1 , comprenant en 
outre t'etape de: 

dans I'un quelconque desdits processeurs, 
transmission, k un processeur suivant sur ledit 
reseau ferme, d'une demande de travail regue sur 
ledit reseau terme et identifiee par une premiere 
adresse de destination de demande de travail si 
ladite premiere adresse de destination de demande 
de travail n'est pas incluse dans ladite liste dudit 
processeur quelconque. 

1 1 . Precede selon la revendication 1 , dans lequel ladite 
etape d'affectation comprend i'etape: 

d'affectation d'une adresse de destination de 
demande de travail pour chaque classe de 
demande de travail k chacun d'au moins deux 
processeurs, comprenant en outre I'etape de 
transmission de ladite demande de travail k un 
processeur suivant si ladite premiere adresse 
de destination de demande de travail n'est pas 
Incluse dans ladite liste dudit processeur quel- 
conque; 

si bien qu'au moins un processeur dudit r6seau 
ferme k acces sequentiel est disponible pour 
trailer chaque classe de demande de travail 
meme si un processeur est dans I'impossibilite 
de traiter des demandes de travail. 



12. Precede de la revendication 1: 

dans lequel ladite etape d'acceptation com- 
prend I'etape de comparaison de ladite pre- 

s mlkre adresse de destination de demande de 

travail avec des membres de ladite liste 
d'adresses dudit processeur quelconque; 
dans lequel ladite 6tape d'affectation comprend 
I'etape d'initialisation d'une carte de binaires. 

^o dont chacun des binaires a un 6tat pour I'^tat 

affecte et un autre etat pour I'etat non affecte, 
pour des adresses pouvant dtre affect6es audit 
processeur quelconque. et lesdites etapes de 
suppression et de reinsertion comprennent 
chacune le changement de I'etat d'un binaire 
affecte audit membre k I'etat non affecte et 
affects, respectivement 

13. Procede selon la revendication 1: 

20 

dans lequel ladite etape d'acceptation com- 
prend r6tape de comparaison de ladite pre- 
miere adresse de destination de demande de 
travail avec des membres de ladite liste 
25 d'adresses dudit processeur quelconque; 

dans lequel ladite etape d'affectation comprend 
I'etape d'initialisation de ladite liste d'adresses 
affect6B audit processeur quelconque dans 
une mdmoire associative, et lesdites opera- 
te tions de suppression et de reinsertion com- 
prennent chacune la suppression et la reinser- 
tion, respectivement, dudit membre. 

14. Procede selon la revendication 1: 

35 

dans lequel un type de demande de travail 
comprend une pluralite de priorites, et dans 
lequel chacune desdites priorit6s dudit type de 
demande de travail est identifiee par une 

40 adresse de destination de demande de travail 

dift6rente, comprenant en outre les etapes de: 
comparaison d'une adresse source d'une 
demande de travail regue k partir dudit r6seau 
ferme avec une identification d'un processeur 

^ qui refoit ladite demande de travail; et 

si ladite comparaison produit une correspon- 
dance, augmentation de la priorite de ladite 
demande de travail repue et transmission de 
ladite demande de travail k un processeur sut- 

50 vant sur ledit reseau ferme. 

1 5. Proced6 selon la revendication 1 4, dans lequel cha- 
cune de ladite pluralit6 de priorit6s dudit type de 
demande de travail est identifiee par une adresse 

55 de destination de demande de travail diffdrenle. 
dans lequel ladite etape d'augmentation de la prio- 
rite comprend I'etape de changement d'une 
adresse de destination de demande de travail de 
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ladite demande de travail regue en une adresse de 
destination de dennande de travail d'une priority 
superieure pour le meme type de demandes de tra- 
vail. 

5 

16. PrQc666 salon la revendication 1, dans lequel la 
transnnission sur ledit r^seau ferrn^ ^ acc^s 
sequentiel conslste essentieltement en la transmis- 
sion sur un anneau de donnees interconnect^; 

10 

dans lequel I'etape d'affectation de listes com- 
prend Tinitialisalion d'une carte de binaires, 
dont chacun des binaires a un 6\a\ pour un dtat 
affecte et un autre etat pour un 6tat non affects, 
pour des adresses de destination de demandes is 
de travail pouvant etre affectees audit proces- 
seur quelconque, et dans tequel lesdites sta- 
pes de suppression et de reinsertion compren- 
nent chacune le changement d'un binaire de 
ladite carte affecte audit membre a Tetat non 20 
affecte et affecte, respectivement; 
dans lequel ledit processeur quelconque com- 
prend une file d'attente pour stocker les deman- 
des de travail, et dans lequel lesdites etapes de 
suppression et reinsertion comprennent cha- 2S 
cune la determination si la charge dudit proces- 
seur quelconque d^passe un premier seuil, et 
la determination si ladite charge est infdrieure 
a un deuxieme seuil, respectivement en 6va- 
luant la longueur de ladite tile d'attente; 30 
comprenant en outre les etapes de : 
comparaison d'une adresse source d'une 
demande de travail regue h partir dudit r6seau 
ferme avec une identification d'un processeur 
qui revolt ladite demande de travail; 3S 
si ladite comparaison d'une adresse source 
produit une correspondance, augmentation 
d'une priority de ladite demande de travail 
re9ue et de transmission de ladite demande de 
travail regue k un processeur suivant sur ledit 
reseau lerme, dans lequet ladite priority crois- 
sante comprend le changement d'une adresse 
de destination de demande de travail de ladite 
demande de travail regue en une adresse de 
destination de demande de travail d'une priority 
superieure pour le meme type de demande de 
travail; 

si ladite comparaison d'une adresse source 
produit une correspondance, et si la priority de 
ladite demande de travail ne peut pas Sire aug- so 
mentee, transmission de ladite demande de 
travail a un processeur suivant sur ledit reseau 
ferm6 aprfes un retard pr6sp6cifi6; et 
augmentation dudit retard pr6sp6cifi6 pour une 
retransmission ult^rleure de ladite demande de 55 
travail. 

17. Systeme multiprocesseur comprenant un reseau 



de communications entre processeurs (1) et une 
plurality de noeuds (2. 8), chaque noeud compre- 
nant un processeur command^ par programme (2), 
ledit systeme comprenant: 

un moyen d'interface (8) dans chaque noeud, 
pour Interconnecter ledit reseau et le proces- 
seur dudit chaque noeud, pour accepter un tra- 
vail d'un autre processeur dans un desdrts pro- 
cesseurs si une charge dudit processeur est 
inf ^rieure a un premier seuil; 
CARACTERISE EN CE QUE ledit r6seau com- 
prend un anneau de donn6es (1) interconnec- 
tant ladite pluralite de noeuds; 
ledit moyen d'interface (8) sert a interconnecter 
chacun de ladite pluralite de noeuds audit 
anneau de donnees et ^ ddtecter des messa- 
ges de demandes de travail sur ledit anneau de 
donn6es, ledit moyen d'interface comprenant 
en outre: un moyen pour d^tecter des messa- 
ges de demandes de travail (210,215,223), 
chaque message comprenant I'une d'une plu- 
rality d'adresses de destination de demandes 
de travail (22). pour des demandes de travail 
acceptees par le processeur connecte; un 
moyen pour accepter de tels messages de 
demandes de travail; un moyen pour inhiber la 
transmission k d'autres moyens d'interface de 
messages de demandes de travail acceptSs 
(225); et un moyen pour transmettre les mes- 
sages de demandes de travail rejet6s k un 
moyen d'interface suivant (225); dans lequel 
une plurality desdits moyens d'interface 
accepte des adresses desdites adresses de 
destination de dennandes de travail; 
chacun desdits moyens d'interface fonctionne 
sous la commande d'un programme (210), et 
est sensible ^ des indications d'une charge de 
demandes de travail acceptees par le proces- 
seur connects, pour supprimer ou ajouter (9) 
des adresses desdites adresses de destination 
de demandes de travail (8) provenant dudit 
moyen de detection (215) si une charge 
d6passe un premier seuil ou est inferieure k un 
deuxieme seuil, respectivement; 
dans lequel une plurality d'adresses de desti- 
nation de demandes de travail est atfectee h un 
type de demande de travail, des adresses de 
ladite plurality d'adresses de destination de 
demandes de travail correspondant k des prio- 
rites differentes, et dans lequel au moins un 
desdits noeuds comprend en outre: 
un moyen pour d6tecter (128) une correspon- 
dance entre une adresse source d'un message 
de demande de travail et une identification d'un 
processeur dudit au moins un noeud; et 
un moyen, sensible audit moyen de detection, 
pour retransmettre (130, 140) ledit message 
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avec une adresse de destination de demande 
de travail correspondant ^ une priority sup6- 
rieure d'un type de demande de travail dudit 
message de demande de travail. 
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